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Abstract: We located rural communities with pet parrots and used these locations to predict the
probability of illegal parrot ownership across coastal Ecuador, using variables related to demand for
pets, parrot availability, and trapping accessibility. In 12 pet keeping communities, we carried out
in-depth interviews with 106 people, to quantify ownership, trapping, and interviewees’ attitudes
towards these behaviours. We combined these data to calculate a trapping pressure index for four
key roosting, feeding and nesting sites for the Critically Endangered Lilacine or Ecuadorian Amazon
Parrot Amazona lilacina. We found that 66% of all communities had pet parrots and 31% had pet
Lilacines. Our predictive models showed that pet parrot ownership occurs throughout coastal
Ecuador, but ownership of Lilacines by rural communities, is more likely to occur within the natural
distribution of the species. The number of people per community who had owned Lilacines in the
last three years varied from 0–50%, as did the number of people who had trapped them—from 0–26%.
We interviewed 10 people who had captured the species in the last three years who reported motives
of either to sell or keep birds as pets. Attitudes towards pet keeping and trapping differed among
the 12 communities: 20–52% believed it was acceptable to keep pet parrots, and for 32–74%, it was
acceptable to catch parrots to sell. This being said, most people believed that wild parrots were
important for nature and that local people had a responsibility to protect them. We conclude that
trapping pressure is greatest in the southern part of the Lilacine’s range, and urgent conservation
measures such as nest and roost protection, and local community engagement are needed.

Keywords: Amazona lilacina; poaching; conservation threats; mangrove; dry forest; local knowledge;
attitudes; Lilacine Amazon

1. Introduction

Parrots (Psittaciformes) are among the most endangered and rapidly declining bird
groups, with 28% of their species classified as threatened [1]. Globally, over a third of
parrot species are caught to fulfil the demand of the international wildlife trade [1–3]. In the
Neotropics, over half of the studied parrot populations are in decline [4], and one reason for
this is the high demand for the pet trade [5]. Neotropical species are particularly favoured
as pets [2,6], and it is suggested that trapping is a stronger threat to their conservation than
habitat loss [7]. Amazon parrots and macaws are preferred due to their attractiveness and
ability to mimic the human voice [8]; this is illustrated in Costa Rica, where nearly 20%
of households have a pet parrot and half of these are Amazona species [9]. Consequently,
the rate at which Amazon parrots and macaws are trapped is much higher than expected
considering their availability in the wild [10].

Trapping risk is highest where parrots are abundant in the wild, where demand is high
and where parrots are relatively easy to catch and sell [11]; therefore, trapping pressure may
differ across a species’ range and also between species. Additional factors found to drive
hunting and trapping include overlap with human population [11,12] and proximity to
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infrastructure or towns [13]. Attitudes and subjective norms are also factors that influence
decision making [14], and are therefore likely to affect the level of pet keeping and capture
in different areas. In Ecuador, wild bird keeping is illegal [15], and whilst ownership
appears to be declining in major cities [16] demand is still high in rural areas, where
over half of coastal communities still keep pet parrots [17]. The most frequently reported
confiscated bird species in the country are those with wild distributions exclusive to this
coastal region [16,18]. Moreover, this region is one of the most densely populated and
impoverished [19] parts of Ecuador, the habitats here have been drastically reduced [20]
and are greatly underrepresented in the country’s national protected areas system [21].

The Critically Endangered Lilacine or Ecuadorian Amazon Amazona lilacina, a species
recently split from the A. autumnalis group, is found exclusively within the coastal region
of Ecuador [22]. CITES reported thousands of individuals of this species being trapped
and exported in the early 1980s [23] and although frequency of trapping is likely to have
reduced significantly in recent years, there are still multiple reports of capture and pet-
keeping within rural communities [17]. An average of 392 wild-caught parrots, including 30
A. autumnalis, were confiscated annually in Ecuador between 2003 and 2016 [16]. Although
some of these may be older birds, and they may be either A. lilacina or A. a. salvini, this
figure suggests that some level of trapping is still occurring to fulfil the demand for pets.
The goal of this study was to understand the risk of trapping in rural communities and
formulate a strategy for conservation support. Specific objectives were:

1. Locate communities with pet parrots by conducting surveys across coastal Ecuador,
and use these locations to predict the distribution of pet parrots, and the likelihood of
local parrot trapping, using variables related to parrot availability, opportunity and
demand;

2. Within communities that keep pet parrots, interview local people to quantify the level
of parrot ownership, trapping and the attitudes towards these behaviours;

3. Develop a trapping pressure index based on model predictions, locally reported
incidence and attitudes towards parrot capture and ownership.

2. Materials and Methods
2.1. Surveys to Locate Communities with Pet Parrots

In order to locate rural communities with pet parrots, we conducted surveys between
January and July 2017. The study area encompassed the extent of occurrence of the Lilacine
Amazon Amazona lilacina and communities close (<10 km) to forest patches, where wild
parrots may occur were selected. Participants were asked to confirm if they knew of pet
parrots in their community, and if possible to identify the species. Prior verbal consent was
obtained from each participant and full ethical approval of survey content and methods
was gained from The North of England Zoological Ethical Review Committee. We aimed
to survey at least four households per community; however, some communities were made
up of just a few houses, so this was not always possible. We recorded the geographic
coordinates of communities with all pets, pet parrots and pet Lilacines, and calculated how
many communities each species was recorded in. We used IUCN Red List range maps
provided by BirdLife International [24] in order to determine if species were native to the
study area. Range maps are frequently updated so we report the year of update for each
range map in the results. ArcGIS (version 10.8.1) [25] was used, clipping the distribution
shape files, to calculate the size of each species range within our study area.

It is illegal to keep native bird species as pets in Ecuador [15], yet in our experience,
people speak openly about their parrots and are proud to show them off. However, it was
important that participants did not feel threatened or that we were collecting information to
inform the authorities. Therefore, surveys were conducted by a local Ecuadorian researcher,
in Spanish, with only the researcher and interviewee present, and it was made clear that all
information given was anonymous, and only to be used for scientific research.

Although we refer to A. lilacina as the Lilacine or Ecuadorian Amazon Parrot, neither
of these common names have Spanish translations that are used in Ecuador. Most local
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communities refer to “loro frentirrojo” (Red-lored Parrot), which in English describes the
A. autumnalis group and includes A. a. salvini in northern Ecuador. To avoid confusion,
we use A. lilacina in our communication with local communities and use photographs to
confirm identity, but refer to the Lilacine Amazon in this manuscript.

2.2. Distribution Models to Predict Parrot Ownership

From our surveys we created two groups of geographic coordinates to represent
(1) communities with pet parrots, and (2) communities with pet Lilacines. The MaxEnt
package in R (version 4.0.3) [26,27] was used to build distribution models based on these
coordinates combined with random background points within 30 km buffers of community
locations, to predict the distribution of pet parrots, and the distribution of pet Lilacines.
Variables were extracted to match each corresponding location and were chosen due to
their influence over parrot ownership and trapping [11]: opportunity (presence of parrots
and their desirability); demand (presence of people and the infrastructure for trade); and
accessibility (into the forest).

For each location, we calculated a “species value” to represent parrot trapping op-
portunity. For the pet model, this was calculated based on the presence of wild parrot
species at that location using species range maps [24], combined with the frequency of
the species being reported as a pet; 0.1 was allocated for each species present in that area,
and an additional 0.1 was added if that species was reported in a single community, 0.2 if
in two communities, etc. This value was used just for comparative purposes within the
study and we gave equal weighting to wild species presence and popularity in captivity, as
we had no evidence that either was more important than the other. For the pet Lilacine
model, this value was replaced with the predicted occupancy area from our distribution
models created using observations of the wild population [28]. For both models, we also
used the estimated human population [29], the Euclidean distance to the nearest town and
nearest road calculated in ArcGIS using OpenStreetMap [30] data, and the mean annual
Normalised Difference Vegetation Index (NDVI) from the monthly MODIS product over
2010–2015 as a proxy of vegetation cover.

For each group of points, spatial autocorrelation was controlled for by limiting them
to one per 1 km using the R package spThin [31]. Predictors were checked for pairwise
correlation across random points within the study area, using pair plot for collinearity [32].
Model evaluation was performed with five-fold cross validation and the mean AUC +/−
SD are presented to demonstrate the predictive ability. An AUC of 0.7 means there is a
70% chance that the fitted model will be able to correctly distinguish between presence
and absence [33]. All data were included in the final models. We present the permutation
importance (%) of variables, with a high value indicating that the final model depends
heavily on that variable [27].

2.3. Interviews to Quantify Parrot Ownership, Trapping and Attitudes

We selected 12 communities where pet parrots were present to conduct interviews
with community members about their experiences and attitudes towards parrot ownership
and capture. These communities ranged in size from 50 to 300 people. The reason these
sites were chosen was because our focus was on understanding risk to Lilacine Amazons,
so the selected communities fell within the species extent of occurrence and were <15 km
away from key roosting, nesting and feeding grounds [17]. These 12 communities were
grouped into four clusters (Figure 1). We interviewed at least six participants from different
households in each community. Participants were outdoor workers (i.e., agriculturalists,
fishers and crab fishers) selected for their familiarity with parrots in their local area. The
same methods regarding informed consent and data anonymity as described in Section 2.1
were followed. Due to low literacy levels amongst participants, all questions were read
out aloud and the answer provided was recorded by the researcher. Age and gender
of each participant was recorded. The interview consisted of eight questions and seven
attitude statements arranged on a five point symmetric Likert scale (Table 1). The Likert
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package [34] in R (version 4.0.3) [26] was used to visualise attitude statements. Responses
were grouped into positive, neutral or negative and a non-parametric test (Kruskal–Wallis)
was used to determine significant differences in responses between the four community
clusters.

Table 1. Interviews about parrot ownership and capture asking eight questions and seven attitude statements, which were
read out aloud by the researcher in Spanish. Interviews were anonymous and participants could decline to answer any
questions.

Interview Questions

1. How often do you see Amazona lilacina? daily/weekly/monthly/yearly/never

2. In your opinion, have A. lilacina numbers changed in the last
three years? increased/decreased/stayed the same/not sure

3. Have you ever owned a pet parrot? yes/no/prefer not to say

4. Have you ever owned a pet A. lilacina? yes/no/not sure/prefer not to say

- If yes, how did you get it? caught it/bought it/given it/prefer not to say

- If yes, where did you get it?

- If yes, how long ago did you get it? last year/two years/three years/> three years/prefer
not to say

- If yes, how many A. lilacina have you owned in the last
three years?

5. How many other people in the village have a pet A. lilacina?

6. Have you ever taken A. lilacina from a nest or caught one
from the wild? yes/no/not sure/prefer not to say

- If yes, how many in the last three years?

- If yes, for what purpose did you catch it?

7. Have you ever sold A. lilacina? yes/no/not sure/prefer not to say

8. To your knowledge, do other people in your village take A.
lilacina from nests/the wild? yes/no/not sure/prefer not to say

Attitude Statements

Response categories were: strongly disagree (1), disagree (2), neutral
(3), agree (4), strongly agree (5), I don’t know (NA). 1 2 3 4 5 NA

I think that it is OK to keep a parrot as a pet.

Catching parrots from the wild can make them extinct in my local area.

Wild parrots are important for nature.

I have a responsibility to protect the environment.

I am comfortable with outsiders catching parrots in my local area.

It is OK to catch wild parrots to sell to the pet trade.

It is OK if parrots disappeared from the wild.
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Figure 1. Interviews about parrot ownership and capture were conducted in 12 communities,
grouped into four clusters (A, B, C, and D) near key Lilacine Amazon roost sites. Each cluster
contains three communities <10 km apart.

2.4. Trapping Pressure Index

To prioritise areas for conservation support, we calculated a trapping pressure value
for each of the four community clusters, to represent the level of risk to the wild Lilacine
Amazon population from capture and local desire for pet keeping. This risk value was
calculated by combining the following six factors: (1) the mean model value for pet parrot
keeping (which represents a probability that pets occur at that location); (2) the mean
model value for pet Lilacine keeping; (3) the percentage of people who have owned a pet
Lilacine in the last three years; (4) the percentage who have trapped Lilacines in the last
three years; (5) the percentage of people who think it is OK to keep a parrot as a pet; and
(6) the percentage who think it is OK to catch wild parrots to sell.

3. Results
3.1. Locations and Species of Pet Parrots

Surveys were carried out in 65 communities (mean = 6 interviewed people per com-
munity; range 3–20). In 43 (66%), pet parrots were confirmed, and in 20 (31%), pet Lilacines
were confirmed. Of the 19 wild parrot species, nine were reported in at least one community,
with the most frequently reported being Lilacine Amazons (Figure 2) and Grey-cheeked
Parakeets Brotogeris pyrrhoptera. The mean range size within the study area of parrots found
as pets was 27,370 km2, compared to 8677 km2 for those not kept as pets (Table 2).
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Figure 2. Examples of pet Lilacine Amazons in four rural communities in coastal Ecuador. Parrots
were kept in a variety of situations; indoors or outdoors, caged or with clipped wings. In some cases
pet parrots that were housed in gardens were not initially considered to be captive by the owner, but
for the purposes of this study any parrot living in the locality of people was classed as a pet.

Table 2. The number of communities in which each of the 19 species was reported as a pet and the range size within the
study area according to BirdLife International [24].

Parrot Species (Year of Update) Range within Study Area
SA (km2)

Number of Communities Reporting the
Species (Out of 65)

Lilacine or Ecuadorian Amazon Amazona lilacina (2018) 38,860 20
Grey-cheeked Parakeet Brotogeris pyrrhoptera (2014) 8645 20
Red-masked Parakeet Psittacara erythrogenys (2007) 54,327 17

Pacific Parrotlet Forpus coelestis (2017) 55,300 8
Red-lored Amazon Amazona autumnalis (2017) 5583 6

Blue-headed Parrot Pionus menstruus (2013) 27,943 2
Southern Mealy Amazon Amazona farinosa (2013) 8612 1
Bronze-winged Parrot Pionus chalcopterus (2014) 46,508 1

White-winged Parakeet Brotogeris versicolurus (2018) 549 1
Chestnut-fronted Macaw Ara severus (2014) 49,329 0

Blue-fronted Parrotlet Touit dilectissimus (2014) 13,470 0
White-capped Parrot Pionus seniloides (2012) 1482 0

Rose-faced Parrot Pyrilia pulchra (2002) 12,828 0
Great Green Macaw Ara ambiguus (2014) 3899 0

Red-faced Parrot Hapalopsittaca pyrrhops (2000) 49 0
Cordilleran Parakeet Psittacara frontatus (2014) 1347 0

Barred Parakeet Bolborhynchus lineola (2014) 2183 0
Red-billed Parrot Pionus sordidus (2014) 1565 0
El Oro Parakeet Pyrrhura orcesi (1999) 615 0

Kept by communities but non-native

Orange-winged Amazon Amazona amazonica NA 1
Yellow-crowned Amazon Amazona ochrocephala NA 5
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3.2. Predicted Distribution of Pet Parrots

The locations of the 43 communities with pet parrots and the 20 communities with
pet Lilacines were reduced to 42 and 19, respectively, after limiting each group of locations
to one per 1 km. A total of 3803 background points were randomly allocated. The mean
AUC of resulting models was 0.69 ± 0.06 (sd) for pet parrots and 0.62 ± 0.20 (sd) for
pet Lilacines. The most important variables predicting the presence of pet parrots were
distance to nearest road (permutation importance, PI = 40%) and distance to nearest town
(PI = 28%); the key factors for the presence of pet Lilacines were the mean annual NDVI
(PI = 33%) and species value, representing the native distribution (PI = 27%) (Table 3).
Predictions show that pet parrots are likely to be widespread throughout the study area,
whereas pet Lilacines seem to be more likely within the species range. Both models show a
high probability of occurrence of pets to the west of Guayaquil and out towards the coast
(Figure 3).

Table 3. Permutation importance values for variables used to create models predicting the distribu-
tion of pet parrots and pet Lilacines in coastal Ecuador.

Variable
Permutation Importance (%)

Pet Parrot Model Pet Lilacine Model

Mean annual NDVI 11 33

Distance to road 40 1

Human population density 18 23

Distance to town 28 16

Species value 3 27
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3.3. Incidence of Parrot Ownership and Trapping

Within 12 selected communities where pet parrots occur, 106 (96 men/10 women)
participants (min 6, max 13, mean 8.8 per community) took part in interviews. All partic-
ipants worked outdoors as farmers (57), fishers (25), crab fishers (18), bee keepers (3) or
wildlife guides (3). Participants were familiar with A. lilacina, the majority seeing them
daily (68%), weekly (19%), or monthly (8%), with the remaining 5% just a few times per
year. Of all participants, 66% (70) had owned a pet parrot either previously or currently,
and 36% (38) a pet Lilacine. The majority (74%, 28) of Lilacine pets had been caught by the
owner themselves, with the remainder received as gifts (16%, 6), bought (2%, 6), or found
(2%, 6). In the last three years, 15 people have owned a total of 24 Lilacines. In total, 34
people (32%) confirmed that they had previously captured Lilacines, the majority (76%, 26)
to keep as a pet themselves, the others to sell (9%, 26) or for undisclosed reasons (15%, 5).
Pet ownership and trapping varied between community clusters, with the highest rates of
historic and current ownership and trapping of Lilacine Amazons occurring in the crab
fishing communities (D) in the southern part of the range (Table 4).

Table 4. The number, age and occupations of people interviewed from each community cluster and the number who
reported owning parrots or catching parrots, either previously or in the last three years.

Community
Cluster

n Mean Age
(Years)

Occupation: Farmer (F), Fisher (Fi),
Crab Fisher (CF), Other (O) In Life Time: In the Last Three

Years:

F Fi CF O Owned
Parrot

Owned
Lilacine

Caught
Lilacine

Owned
Lilacine

Caught
Lilacine

A 31 53 8 19 1 3 23 11 9 0 0
B 23 48 23 0 0 0 11 8 8 4 3
C 29 53 26 0 0 3 18 4 4 1 1
D 23 46 0 6 17 0 18 15 13 10 6

Total 106 50 57 25 18 6 70 38 34 15 10

In the last three years, 10 interviewees reported that they had caught Lilacines, with
at least 16 birds among them, to either keep the bird as a pet (7), to sell it (1), or for
an undisclosed reason (2). All had either no or primary level schooling, and were men
23–72 years old. They reported seeing wild Lilacines daily (9) or weekly (1), and all but
one believed the wild population was stable or increasing. In cases where the capture
location was given, this always corresponded to the person’s occupation, i.e., farmers
reported catching parrots in the forest, fishers and crab fishers reported trapping parrots
in mangroves (Table 5). Seven of the 10 people who had caught Lilacines in the last three
years reported that multiple other people within their community also catch Lilacines, and
all 10 knew of multiple pet Lilacines in their community (mean 5.2 Lilacines).

Table 5. The age, gender, schooling, and occupation of all interviewees who reported catching Lilacines in the last three
years. We report the trapping location, reason for capture and how many were caught.

Community
Cluster

Age
(Years) Gender Level of Schooling Occupation Location of Capture Reason for Capture Number of Lilacines Caught

in Last Three Years

B
41 Male Primary Farmer Dry forest Pet 1
23 Male Primary Farmer Dry forest Pet 1
72 Male Primary Farmer Dry forest Pet 1

C 68 Male None Farmer Undisclosed Undisclosed 1

D

32 Male Primary Crab fisher Mangrove Pet 2
54 Male Primary Crab fisher Mangrove Pet 1
40 Male Primary Crab fisher Mangrove Pet 1
47 Male Primary Crab fisher Undisclosed Undisclosed Unknown
51 Male Primary Fisher Mangrove Pet 1
67 Male None Fisher Mangrove Sell 7
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3.4. Attitudes towards Parrot Ownership and Trapping

Across all communities, responses to attitude statements show a strong feeling that
wild parrots are important for nature and participants indicated that local people have a
responsibility to protect the environment. This is mirrored by a strong feeling of discomfort
with outsiders coming to catch parrots and with parrots disappearing from their area. On
the contrary, 46% of all participants believe it is OK to catch wild parrots to sell and 32%
that it is acceptable to keep a pet parrot. Furthermore, 17% of people did not believe that
catching wild parrots could make them become extinct in the local area (Figure 4). There
were no significant differences between communities in the distribution of positive, neutral
and negative responses to all attitude statements apart from one: “I think it is OK to keep a
parrot as a pet”. For this, there was a significant difference between mean responses of the
community groups (H = 6.613, p = 0.022), with 52% of community cluster D believing this
is acceptable, and just 20% of cluster A believing so.

Figure 4. Responses to attitude statements are reported on a five point Likert scale (1 = strongly disagree, 2 = disagree,
3 = neutral, 4 = agree, 5 = strongly agree).

3.5. Trapping Pressure Index

When combining our results into a trapping pressure index, we can see variation
between the four community clusters, with higher values suggesting a higher risk to
the wild Lilacine Amazon population in that area (Table 6). Wild Lilacines occurring
around community cluster D are at greatest risk, due to the high level of reported parrot
ownership and capture, and a strong local attitude that this is acceptable. Those occurring
around community cluster C are also at high risk, as model predictions here show a high
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probability of pet Lilacine occurrence (0.78), which suggests a high probability of trapping
as pet owners mostly report catching their pet themselves. The wild population occurring
around community cluster A appears to be at the lowest risk from trapping, as there were
no reports here of current Lilacine ownership or capture; however, this is the smallest
remaining subpopulation of the species within its range, which could also explain the low
prevalence of pets. When considered against participants’ responses to their perceived
status of the wild population locally, we see more negative responses from the southern
community clusters, with the most frequent response in cluster C being ‘decreasing’ (76%),
in cluster D ‘stable’ (39%), whilst ‘increasing’ in cluster B (83%) and A (42%).

Table 6. Trapping pressure index for each community cluster, calculated by adding together factors of predicted or reported
level of pet ownership and trapping, and attitudes towards pet keeping, capture and trade. Predicted probabilities were
converted into percentages for this calculation.

Trapping Pressure Factor
Community Cluster

A B C D

Mean probability of predicted parrot ownership (0–1) 0.47 0.35 0.70 0.36
Mean probability of predicted Lilacine ownership (0–1) 0.51 0.59 0.78 0.19

Percentage of participants who owned pet Lilacines in the last three years 0 17 3 43
Percentage of participants who caught Lilacines in last three years 0 13 3 26
Percentage of participants believing it is OK to keep a pet parrot 20 23 37 52

Percentage of participants believing it is OK to catch wild parrots to sell 39 32 41 74
Overall trapping pressure index (rank) 157 (4) 179 (3) 232 (2) 250 (1)

4. Discussion

This study found that 66% of rural coastal communities in Ecuador have pet parrots
and 31% have pet Lilacine Amazons A. lilacina. Within these communities, 66% of people
had owed a pet parrot during their lifetime, and 14% currently owned Lilacines. This
is similar to Costa Rica, where 18% of households owned a pet parrot in 2001 [9]. Our
current ownership questions focused on just one species, so we expect the level of current
ownership of all parrot species to be much higher and similar to Colombia where 58% of all
people had pet parrots [10]. Current ownership and reports of Lilacine trapping in the last
three years varied between communities, with 0% to 50% and 0% to 26%, respectively. Ten
participants confirmed that they had taken Lilacines from the wild in the last three years
to keep birds as pets, or to sell them, so we suggest that, similarly to Yellow-shouldered
Amazon Amazona barbadensis harvesting in Venezuela, there are at least two categories of
trappers—“poacher-keepers” and “poacher-sellers” [35], with only the latter having the
contacts and logistics to sell birds. People in occupations with an established and frequent
trade link—for example, fishers or crab fishers—may have more opportunity to transport
trapped birds to other towns to sell. We also found that capture location corresponded to
the occupation of the poacher, which may explain the variation between rural communities
as occupation depends heavily on location, i.e., in-land or coastal. Our trapping pressure
index identified that the southern distribution of the species is likely to be at greatest risk,
which agrees with earlier work showing a vast population decline in this area [17] and
provides further evidence that this area should be prioritised for conservation support.

Understanding whether taking parrots from the wild is opportunistic or selective is
important because selective capture can lead to the extinction of species through over-
harvesting [10]. Our results suggest that trapping is selective given the differences in the
popularity of species, with some kept in 20 communities and some in none. The two most
frequently reported pet parrot species differed greatly in body mass, which, in general,
is linked to longevity in captivity [36], suggesting that variation in popularity is not a
side effect of survival rates in captivity. Similarly to previous research, we have noted a
preference for Amazon parrots, with all three wild occurring species and two non-native
species being kept as pets [8]. However, parrot ownership and capture, at least within
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rural communities, may also be opportunistic. Most parrot owners had caught their bird
locally, within areas they visit during a normal days’ work, and our predictions showed
that pet Lilacines were more likely within the species’ wild distribution. Moreover, parrot
species kept as pets had a larger average wild range size than those that are not. This all
suggests that ownership and capture are driven in part by parrot availability and accessibil-
ity [11], but more research including a true measure of wild parrot abundance, and surveys
and interviews in larger towns and cities are needed. According to anecdotal reports in
some rural communities, orders are placed by outsiders from cities such as Guayaquil or
Quito, which fits the typical multi-level chain involving trappers, middlemen and markets
described by Pires [37] and needs investigation.

Our interviews revealed that Lilacine Amazons were trapped both in mangroves,
where they roost, and dry forests, where they feed and nest [38,39], suggesting that both
adults and chicks are being taken from the wild. Anecdotal reports from communities sug-
gest past events of outsiders casting nets over mangrove islands to remove an entire roost
of Lilacines at a time. Research has shown that the removal of adults from a population
can have more drastic consequences on population size and growth rate, than removal of
chicks [40]. In a study of illegal wildlife trade markets in Bolivia, contrary to the idea that
most parrots come from nest poaching, 70% of parrots were adults [41]. Our results also
suggest that 60% of Lilacines caught in the last three years were from mangroves, so are
likely to be adult or juvenile birds. A number of studies have shown that anti-poaching
efforts, in the form of additional human presence, can benefit bird populations [42–44]
and that recruitment of young people (who may be facilitators in parrot trapping) from
the local community to act as nest monitors, can significantly decrease poaching rate [45].
In some cases, nest protection implemented at the correct time of year can have a signif-
icant effect [42], but we suggest that year-round protection is needed to safeguard both
vulnerable roosting and nesting sites for this species.

The lack of environmental education in Ecuadorian schools is a barrier to reducing
parrot ownership and capture [16]. The main purpose of any environmental education
strategy is to change people’s knowledge and attitudes, and ultimately behaviours [46].
Alone, or in combination with other conservation interventions, environmental education
projects can result in a decrease in the persecution of parrots and consequently an increase
in population size [43,47]. Most people in our study believed that wild parrots were
important for nature and that they themselves had a responsibility to protect parrots. Local
people do not want parrots to disappear and are strongly opposed to outsiders coming in
to their community to catch them. Contrastingly, up to 74% per community agreed that
it was OK to take parrots from the wild to sell, and up to 52% believed that it was OK to
keep them as a pet. Furthermore, up to 30% disagreed that catching parrots could make
them locally extinct. We found similarity between attitudes and reported behaviours. In
areas with more pet Lilacines and reports of parrot trapping, there was also a stronger
belief that this was acceptable, compared to areas with fewer pets and trapping. This
suggests that changing these attitudes could have an impact on future behaviour, and
that the implementation of a targeted behaviour change education project could have
conservation benefits to the Lilacine Amazon. We suggest following the practices of the
successful PRIDE campaigns [48] which inspire people to take pride in the species and
habitats that make their communities so unique, whilst introducing viable alternatives to
environmentally destructive practices.

We therefore recommend that a combination of environmental education to change
attitudes towards parrot ownership and trapping, and increased protection of wild birds
through nest and roost guarding, particularly in the southern part of its range, are conser-
vation priorities for the Lilacine Amazon.
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